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Rapid Detection of Bacteremia in Human Blood

Bacteremia is a leading cause of death for children in sub-Saharan Africa where childhood
mortality rates are the highest in the world, and its early diagnosis and treatment can save many
lives. However, diagnosing bacteremia is challenging, especially when there is co-infection with
diseases such as malaria and HIV. The good news is that research from Los Alamos published in
the April 19" edition of Nature Scientific Reports indicates that there may be a way to greatly
speed up diagnosis. In the paper, the scientists report on a method for the rapid and accurate
detection of bacteremia using a technique that works by mimicking the way the human immune
system recognizes pathogens.

Bacteremia is the presence of bacteria in the bloodstream and it can be either asymptomatic or
result in a life-threatening infection that includes sepsis. Sepsis, which is when the body’s
response to infection causes damage to its own tissues and organs, is the most common cause of
global childhood mortality. Microbial culture, which requires bacterial growth in a petri dish, is
the current clinical standard for sepsis diagnosis and it is both slow, insensitive, and not practical
for field diagnostics. Because of these limitations there is a pressing need for a rapid and
accurate method that can direct therapeutic intervention at the point of need. The work presented
by the Los Alamos authors is the first step towards developing such a capability and is inspired
by the ability of the human immune system to sensitively detect bacteremia in blood very early
in the course of infection by its reaction to pathogen biomarkers.

The researchers developed and clinically validated a novel method for the direct detection of the
same pathogen biomarkers that the immune system uses to recognize bacteremia. Pathogen
biomarkers are present for both Gram-negative bacteria and Gram-positive bacteria. The Gram
test is a method to broadly categorize bacteria in two categories and it is important to be able to
detect bacteria in both. These biomarkers interact with host lipoprotein carriers in blood, which
allows for their direct detection using two tailored assays developed at Los Alamos called
membrane insertion and lipoprotein capture (see figure 1). The detection occurs in a waveguide-
based optical biosensor platform that was also developed at Los Alamos. The team also
demonstrated the application of these methods for the detection of Sa/monella Typhimurium
bacteremia and Staphylococcal bacteremia. Taken together, these results demonstrate the
significance of biochemistry in both understanding of host-pathogen biology, and the
development of assay methodology, as well as demonstrating a method for the rapid, sensitive
and accurate diagnosis of bacteremia at the point of need.

Ref: “Direct detection of bacteremia by exploiting host-pathogen interactions of lipoteichoic acid
and lipopolysaccharide,” Scientific Reports 9, Article number: 6203 (2019)
https://www.nature.com/articles/s41598-019-42502-5

Technical contact: Harshini Mukundan
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Figure 1. Overview of bacterial pathogen associated molecular patterns (PAMP) detection strategies. (a) Schematic
representation of amphiphilic bacterial biomarkers in association with biochemically similar molecules either by forming
micelles or interacting with host lipoprotein carriers. Black arrows indicate physiological associations, while orange arrows
indicate experimental processes. In the absence of sequestration by a host lipoprotein carrier, bacterial PAMPs

can be detected by (b) membrane insertion, which requires only one antibody. When associated with a host

lipoprotein carrier, detection can be performed using (c) lipoprotein capture, which requires two antibodies,

as well as prior knowledge of PAMP-lipoprotein carrier associations. Dimensions of the various layers are

included in order to present the biophysical dimensions of assay performance within the evanescent field of the

waveguide. Graphic representations are not drawn to scale.
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Figuré 2. Aaron Anderson of the Physical Chemistry and Applied Spectroscopy group adjusts a field-portable version of the

optical biosensor.



